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[bookmark: _Toc408563190][bookmark: _Toc455152578][bookmark: _Toc455152933][bookmark: _Toc463189573]General information
This document is intended to describe the ESS LWU button BPM design in terms of vacuum, mechanics and system performance. LWUs BPMs specifications, schedule, vacuum design, mechanical design and BPM system performance are presented on this documentation. Discussions about the designs for Spokes, MBL, HBL, UHB, A2T, DogLg and DumpL are presented and discussed.

[bookmark: _Toc463189574][bookmark: _Toc455152934]BPM Specifications

[bookmark: _Toc463189575]Refer to document [1].

[bookmark: _Toc463189576]LWU BPM schedule

LWU BPM feedthroughs schedule requested by Daresbury 

	Task Name
	BPM Type
	Finish
	status

	20 Pickups
	 
	Wed 31/08/16
	Delivery – mid September

	20 Pickups
	 
	Fri 30/09/16
	

	20 Pickups
	 
	Mon 31/10/16
	

	20 Pickups
	 
	Wed 30/11/16
	

	20 Pickups
	 
	Fri 30/12/16
	

	20 Pickups
	 
	Tue 31/01/17
	

	20 Pickups
	 
	Tue 28/02/17
	

	20 Pickups
	 
	Fri 31/03/17
	

	20 Pickups
	 
	Fri 28/04/17
	

	20 Pickups
	 
	Wed 31/05/17
	

	20 Pickups
	 
	Fri 30/06/17
	

	20 Pickups
	 
	Mon 31/07/17
	

	20 Pickups
	 
	Thu 31/08/17
	

	20 Pickups
	 
	Fri 29/09/17
	

	20 Pickups
	 
	Tue 31/10/17
	

	12 Pickups
	 
	Thu 30/11/17
	




	Description
	Spoke
	MBL
	HBL
	UHB
	Dogleg
	A2T
	DumpL
	Qty BPMs

	Type A (100 mm ID, 108 mm OD chamber)
	
	9
	21
	16
	6
	6
	6
	64

	Type B (57.1 mm ID, 63.5 mm OD chamber)
	14
	
	
	
	
	
	
	14




Mitigations about how to avoid the delay is being done together with Daresbury and DESY. Spokes, MBL, HBL, UHB, A2T,

[bookmark: _Toc463189577]Delivery planning
BPM feedthroughs manufactured by BC-Tech Mitigations about how to avoid the delay is being done together with Daresbury and DESY.
A contract for the feedthroughs production is under revision at DESY for approval.
The deliverables by DESY are described in the production contract and it is described on the following table.

DESY shall deliver the following in accordance with the table below:
	Phase
	Deliverable
	Destination

	Project Design Phase
	The design and simulation files for the two BPM models specified by ESS
	ESS

	Project Production Phase
	Production of 376 feedthroughs: consisting of 308 of type C and 68 of type B
	Daresbury

	Project Production Phase
	Production documentation including ultra-high vacuum (“UHV”) and radio frequency (“RF”) test results of all the BPM feedthroughs units
	ESS

	Project Production Phase
	Weekly manufacturing status reports
	ESS

	Project Production Phase
	Documßentation regarding the feedthrough manufacturing process for each serial number
	ESS

	Project Production Phase
	Documentation regarding select pairs of feedthroughs with similar RF characteristics
	ESS


Table: Deliverables from DESY for the LWU feedthroughs project.



The schedule described in the production contract with DESY is the following, which is in accordance to the LWU assembly schedule:

	Deliverable
	Deadline

	52 Type C feedthroughs
	2017/01/31

	256 Type C feedthroughs
	2017/03/31

	68 Type B feedthroughs
	2017/12/31


Table: Delivery dates from DESY for the LWU feedthroughs.

[image: C:\Users\rafaelbaron\Pictures\Schedule LWU BPMs.png]
Figure: Milestones for the LWU feedthroughs production

[bookmark: _Toc463189578]Project Quality Plan
[bookmark: _Toc463189579]Refer to the documentation [1].

[bookmark: _Toc463189580]LWU BPM Mechanical design
Two types of buttons have been designed for the LINAC Warm Units in order to satisfy the beam physics specifications of position resolution and phase. For the LWUs, the specifications are divided into many different machine sections and they should be separately provided: Spokes, MBL, HBL, UHB, A2T, DogLg and DumpL.

[bookmark: _Toc463189581]BPM housing for the 100 mm chamber
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[bookmark: _Toc463189582]BPM housing for the 57 mm chamber
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Figure: BPM button type xxx.





[bookmark: _Toc463189583]LWU BPM Electromagnetic and thermal design

[bookmark: _Toc463189584]Electromagnetic performance analysis
The electromagnetic performance of the LWU button BPMs were analysed in order to identify the voltage level expected for each beam operation mode and to identify potential issues related to signal quality and heating due to the trapped modes around the BPM feedthrough geometry.  
As described, two different types of BPMs were designed to satisfy the BPM system specifications. The simulation analyses for both cases are presented.

[bookmark: _Toc463189585]Simulation Design BPM Type B
The LWUs will be designed considering two different chamber diameters. The chamber intended to be used on the has 57.1 mm diameter, and the BPM button design was made to provide enough signal to the BPM electronics in order to satisfy the Beam Physics requirements for all the beam operation modes.


[image: ]
Figure: Model of the BPM sensor for the 57.1 mm chamber.

[image: ]
Figure: Model for the electromagnetic simulation model of the BPM sensor for the 57.1 mm chamber.
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Figure: Frequency domain simulations for a 2.4 mm bunch length, centered beam. In red, the signal response of the new button design, and in the green the signal response for the old button design.
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Figure: Frequency domain simulations for a 2.4 mm bunch length, 15 mm off-centered beam. The sensitivity factor of the BPM is 13.63 mm, or 1.277 dB / mm of beam displacement. In red, the signal response of the new button design, and in the green the signal response for the old button design.
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Figure: Frequency domain simulations for a 2.1 mm bunch length, centered beam. In red, the signal response of the new button design, and in the green the signal response for the old button design.
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Figure: Frequency domain simulations for a 2.1 mm bunch length, 15 mm off-centered beam. The sensitivity factor of the BPM is 14.49 mm, or 1.201 dB / mm of beam displacement. In red, the signal response of the new button design, and in the green the signal response for the old button design.



a) [bookmark: _Toc463189586]Simulation Design BPM Type C

[image: ]
Figure: Model of the BPM sensor for the 100 mm chamber.

[image: ]
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Figure: Model for the electromagnetic simulation model of the BPM sensor for the 100 mm chamber.
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Figure: Frequency domain simulations for a 2.1 mm bunch length, 26 mm off-centered beam. The sensitivity factor of the BPM is 25.01 mm, or 0.695 dB / mm of beam displacement. In red, the signal response of the new button design, and in the green the signal response for the old button design.
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Figure: Frequency domain simulations for a 1.1 mm bunch length, centered beam. In red, the signal response of the new button design, and in the green the signal response for the old button design.

[image: ]
Figure: Frequency domain simulations for a 1.1 mm bunch length, 26 mm off-centered beam. The sensitivity factor of the BPM is 25.90 mm, or 0.671 dB / mm of beam displacement. In red, the signal response of the new button design and in the green the signal response for the old button design.

[bookmark: _Toc463189587]Power dissipation analysis
The power dissipation analysis is made based on the ssss analysis, which considers the electromagnetic power stored at the geometries of the button which traps the high frequency components of the beam that interacts with the BPM housing structure. This effect is very critical for circular machines, where there is not enough time for the trapped modes to be dissipated on the walls of the mechanical structure. 

For the ESS LWU Beam position monitor, the most critical condition, as can be seen in the previous section, is for the larger button, where the higher order modes are at relatively small frequencies due to the large size of the button. 

The button design is not optimal for the application however the schedule constraints limited the time and resources available for the evaluation of an optimum BPM sensor for the ESS LINAC. Another BPM types can be proposed such as low frequency cavity BPMs, which can trap the modes.

An analysis of the dissipated power at the feedthrough for the 217 MeV beam energy was evaluated and the results are shown in the following figure. For this specific simulation, a beam with x and y coordinates were used. 


Figure: Thermal simulations showing the dissipated power per pulse on the BPM button.

The simulated quality factor for the 1.75 GHz coupled mode is 0.8333, resulting in a decay time of 151.6 ps. Considering the bunch spacing of 2.84 ns, the mode already decayed when the arrival of the next bunch. The calculated average dissipated power on the feedthrough is around 5 mW. 

[image: ]
Figure: Dissipated power per pulse as function of the off-centered beam, taking the mechanical center as reference. 

The dissipated power can be estimated by considering the repetition rate of the ESS LINAC pulse, pulse length, and the repetition frequency. 




Where,

· P is the average dissipated power
·  is the ESS LINAC pulse repetition rate, 14 Hz
·  is the pulse length, nominal 2.86 ms
·  is the cavity RF frequency, 352 MHz
·  is the loss factor, simulated as function of the beam position
·  is the simulated quality factor of the cavity that traps the mode


The calculated average dissipated power due to the 1.75 GHz trapped mode is then:



This average dissipated power is considered negligible since the temperature increase is in the order of tenths of a degree Celsius. 


[bookmark: _Toc455152937][bookmark: _Toc463189588]BPM signal simulations for multi-bunch operation
The button BPMs will be used in different sections of the LINAC Warm Units (LWUs). Some of the beam characteristics changes for different parts of the machine, and they are considered by analysing 4 cases, where bunch length and beam energies varies. These cases are analysed for single bunch (electromagnetic numerical simulations) and multi bunch analysis (analytical simulations). 

	Case
	Chamber diameter (mm)
	Button diameter (mm)
	Beam energy (MeV)

	A
	57,1
	28
	92

	B
	57,1
	28
	217

	C
	100
	46
	217

	D
	100
	46
	2000



General information about the analytical and electromagnetic simulations:
· Total charge: Q=62.5 mA / 352 MHz ~ 178 pC.
· 5 us of beam pulse is the minimum pulse width considered for this analysis.
· The analytical simulations consider the signal model presented on section 1.
· The cable length was considered to be 60 meters, and the cable frequency response is similar to.


[bookmark: _Toc455152938][bookmark: _Toc463189589]BPM signal analysis - Case A

Simulation parameters: 

	Case
	Chamber diameter (mm)
	Button diameter (mm)
	Beam energy (MeV)

	A
	57,1
	28
	92



a. Electromagnetic numerical simulation
[image: ]
Figure: Electromagnetic simulations for single pass beam[footnoteRef:1]. Time and frequency domain signals for single pass are presented. [1:  Electromagnetic simulations performed by DESY.] 


b. Analytical analysis for multi-bunch operation
[image: ][image: ]
Figure: Analytical simulation for case A, where time and frequency domain simulations are presented. The time domain simulations can be compared to the electromagnetic simulations presented on 1-a. The frequency domain simulations are for multi-bunch beam, repeated at a frequency of 352 MHz. 
[image: ][image: ]
Figure: Signal power available at the BPM button and BPM electronics as function of the beam current for 5 us pulse, with a 352 MHz bunch repetition rate. The simulation on the left side shows the signal power available in the BPM button and after cables, in dBm. 


[bookmark: _Toc455152939][bookmark: _Toc463189590]BPM signal analysis - Case B

Simulation parameters: 

	Case
	Chamber diameter (mm)
	Button diameter (mm)
	Beam energy (MeV)

	B
	57,1
	28
	217



a. Electromagnetic numerical simulation
[image: ]
Figure: Electromagnetic simulations for single pass beam [footnoteRef:2]. Time and frequency domain signals for single pass are presented. [2:  Electromagnetic simulations performed by DESY.] 



b. Analytical analysis for multi-bunch operation
[image: ][image: ]
Figure: Analytical simulation for case B, where time and frequency domain simulations are presented. The time domain simulations can be compared to the electromagnetic simulations presented on 1-b. The frequency domain simulations are for multi-bunch beam, repeated at a frequency of 352 MHz. 

[image: ][image: ]
Figure: Signal power available at the BPM button and BPM electronics as function of the beam current for 5 us pulse, with a 352 MHz bunch repetition rate. The simulation on the left side shows the signal power available in the BPM button and after cables, in dBm. 


[bookmark: _Toc455152940][bookmark: _Toc463189591][bookmark: _Toc455152579]BPM signal analysis - Case C

Simulation parameters: 

	Case
	Chamber diameter (mm)
	Button diameter (mm)
	Beam energy (MeV)

	C
	100
	46
	217



a. Electromagnetic numerical simulation
[image: ]
Figure: Electromagnetic simulations for single pass beam [footnoteRef:3]. Time and frequency domain signals for single pass are presented. [3:  Electromagnetic simulations performed by DESY.] 



b. Analytical analysis for multi-bunch operation

[image: ][image: ]
Figure: Analytical simulation for case C, where time and frequency domain simulations are presented. The time domain simulations can be compared to the electromagnetic simulations presented on 1-c. The frequency domain simulations are for multi-bunch beam, repeated at a frequency of 352 MHz. 


[image: ][image: ]
Figure: Signal power available at the BPM button and BPM electronics as function of the beam current for 5 us pulse, with a 352 MHz bunch repetition rate. The simulation on the left side shows the signal power available in the BPM button and after cables, in dBm. 

[bookmark: _Toc455152941][bookmark: _Toc463189592]BPM signal analysis - Case D

Simulation parameters: 

	Case
	Chamber diameter (mm)
	Button diameter (mm)
	Beam energy (MeV)

	D
	100
	46
	2000



a. Electromagnetic numerical simulation
[image: ]
Figure: Electromagnetic simulations for single pass beam [footnoteRef:4]. Time and frequency domain signals for single pass are presented. [4:  Electromagnetic simulations performed by DESY.] 


b. Analytical analysis for multi-bunch operation
[image: ][image: ]
Figure: Analytical simulation for case D, where time and frequency domain simulations are presented. The time domain simulations can be compared to the electromagnetic simulations presented on 1-d. The frequency domain simulations are for multi-bunch beam, repeated at a frequency of 352 MHz. 


[image: ][image: ]
Figure: Signal power available at the BPM button and BPM electronics as function of the beam current for 5 us pulse, with a 352 MHz bunch repetition rate. The simulation on the left side shows the signal power available in the BPM button and after cables, in dBm. 

[bookmark: _Toc455152942][bookmark: _Toc463189593]BPM electronics performance
The performance of the first prototype of the BPM electronics is presented on this section. Beam phase resolution, position accuracy error and beam position resolution are presented as function of the input power of the electronics. The analysis is presented as function of the RF input power, in units of dBm, instead of as function of beam current due to the many different BPMs and beams conditions at ESS[footnoteRef:5].  [5:  The RF signal power at the BPM sensor depends on many different parameters such as the BPM sensor type, beam energy, bunch length and beam current. The relation between the beam current and input power were discussed in the previous simulations.
] 


[image: ] [image: ]
Figure: BPM electronics position resolution as function of the RF input power, measured performance. The beam current dependence is also shown since it provides the information about the position accuracy error expected from the BPM electronics as function of the beam current. The calibration factor used for the position calculations is kx = ky = 15 mm.
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5. LWU BPM schedule

LWUBPM schedule requested by Daresbury

#
TaskName BPMType Finish
20Pickups Wed31/08/16
20Pickups F130/09/16
20Pickups Mon31/10/16
20Pickups Wed30/11/16
20Pickups Fi30/12/16
20Pickups Tue31/01/17
20Pickups Tue 28/02/17
20Pickups Fi31/03/17
20Pickups Fri28/04/17
20Pickups Wed31/05/17
20Pickups Fri30/06/17
20Pickups Mon31/07/17
20Pickups Thu 31/08/17
20Pickups F129/09/17
20Pickups Tue31/10/17
12Pickups Thu30/11/17

Type A (100mm D, 108
mm 0D chamber) s 21 1 5
TypeB (57.1mm D, 635

mm 0D chamber) 13
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Two types of butions have been designed for the ESS LINAC.

‘Specifications are divided into many different machine sections and they should be separately
provided: Spokes, MBL, HBL, UHB, A2T, DogLg and DumL.

5 5 5 =

14 Figure: BPM button type B.

8. BPM system performance analysis

Nitigations abouthowto avoidthe delay s being done together with Daresbury and DESY. Spokes,

MBL, HBL, UHB, A2,

5.1 LWU BPM schedule

Mitigations abouthowto avoidthe delay is being donetogether with Daresbury and DESY.

5.2 LWU BPMs production schedule
53 Project Quality Plan

‘Accordingto documentaton explainedin, ..M
Store and share files in the y planedin.

Document Cloud 6. LWU BPM Vacuum characteristics

Learn More 7. LWU BPM Mechanical design
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button sizes. An analytical model s preserted and the resuls from this model are analysed together
withthe numericalelectromagnetic simulations in orderto provide a complete understanding aboutthe
BPM signals avaiableto the BPM electronics. An analytical description of the mult-bunch operation
mode andthe skinlosses onthe RF cables are also providedin order to improve the accuracy of the
model.

8.1 BPM analytical modelling analysis

On this section, an analytical analysis is presented for the LWU BPMs.

844 Button signalsin single bunch operation mode
‘Assuming longitudinal gaussian charge distibution, the beam can be described by [1]
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5. LWU BPM schedule
Two types of buttons have been designed for the ESS LINAC.

LWU BPM schedule requested by Daresbury Specifications are divided into many different machine sections and they should be separately
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8.2 Power dissipation analysis

The power dissipation analysis is made based on the ssss analysis, which considers the
electromagnetic power stored at the geomefries of the button which traps the high frequency
components of the beam that interacts with the BPM housing structure. This effect is very critical for
circular machines, where there is not enough time for the trapped modes to be dissipated on the walls
of the mechanical structure. [inserit referencia problemas BPMs]

For the ESS LWU Beam position monitor, the most criical condition, as can be seen in the
previous section, is for the larger button, where the higher order modes are at relatively small
frequencies due to the large size of the button.

The button design is not optimal for the application, however the schedule constraints limited the
time and resources available for the evaluation of an optimum BPM sensor for the ESS LINAC.
Another BPM types can be proposed such as low frequency cavity BPMs, which can trap the modes.

An analysis of the dissipated power at the feedhrough for the 217 MeV beam energy was
evaluated and the results are shown in the following figure. For this specific simulation, a beam with x
and y coordinates were used
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of the mechanical structure. [inserit referencia problemas BPMs]

For the ESS LWU Beam position monitor, the most criical condition, as can be seen in the
previous section, is for the larger button, where the higher order modes are at relatively small
frequencies due to the large size of the button.

The button design is not optimal for the application, however the schedule constraints limited the
time and resources available for the evaluation of an optimum BPM sensor for the ESS LINAC.
Another BPM types can be proposed such as low frequency cavity BPMs, which can trap the modes.

An analysis of the dissipated power at the feedhrough for the 217 MeV beam energy was
evaluated and the results are shown in the following figure. For this specific simulation, a beam with x
and y coordinates were used

BPM system performance will be analysed

ntegrafion of the previous relation gives
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8.2 Power dissipation analysis

The power dissipation analysis is made based on the ssss analysis, which considers the
electromagnetic power stored at the geomefries of the button which traps the high frequency
components of the beam that interacts with the BPM housing structure. This effect is very critical for
circular machines, where there is not enough time for the trapped modes to be dissipated on the walls
of the mechanical structure. [inserit referencia problemas BPMs]

For the ESS LWU Beam position monitor, the most criical condition, as can be seen in the
previous section, is for the larger button, where the higher order modes are at relatively small
frequencies due to the large size of the button.

The button design is not optimal for the application, however the schedule constraints limited the
time and resources available for the evaluation of an optimum BPM sensor for the ESS LINAC.
Another BPM types can be proposed such as low frequency cavity BPMs, which can trap the modes.

An analysis of the dissipated power at the feedhrough for the 217 MeV beam energy was
evaluated and the results are shown in the following figure. For this specific simulation, a beam with x
and y coordinates were used

BPM system performance will be analysed

ntegrafion of the previous relation gives
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